sity (97% ± 6%) of the synaptophysin-IR puncta. Glutamate also produced an increase in the intensity of Brief application of glutamate also produced an increase in the number of synaptophysin-IR (immunorecGMP-IR throughout the neuron, including the sites of synaptophysin-IR puncta (t[22] = 3.67, p < 0.01). Howactive) puncta when the tissue was fixed 5 min after glutamate (t[21] = 3.13, p < 0.01 compared to saline ever, unlike the increase in the number of synaptophysin-IR puncta, the increase in the intensity of cGMP-IR control), and this increase was maintained for more was not maintained 30 min after glutamate, consistent flect either incomplete maturity of the synapses or limitations of the method for detecting colocalization. with the idea that a transient increase in cGMP activates a signaling pathway that triggers a longer-lasting Consistent with those possibilities, colocalization of synaptophysin puncta with another vesicle-associated change in synaptophysin. The increases in synaptophysin-IR puncta and cGMP-IR intensity were both protein, synapsin I, which might be expected to be nearly perfect, was only about 61%. Figures 4 and 5B) . The remaining synaptophysin puncta may colocalize with other types of receptors for synaptophysin, t = 2.32, p < 0.05 for GluR1, and t = 3.20, p < 0.01 for colocalization). These results suggest (e.g., NMDA or GABA), may be part of transport packets (Ahmari et al., 2000) , or may form prior to postsynthat cGMP and cGK play roles in the postsynaptic increase in GluR1 puncta as well as the presynaptic aptic puncta during synaptogenesis (Cohen-Cory, 2002). The relatively low colocalization might also reincrease in synaptophysin puncta. Figure 5 ). The versely, brief application of 8-Br-cGMP that produced finding that cGK contributes to the increase in GluR1 an increase in GluR1 puncta also produced an increase puncta as well as synaptophysin puncta (Figure 4 ) sugin P-VASP puncta (t = 3.63, p < 0.05), particularly ones gests that it might be localized in the postsynaptic as that colocalized with GluR1 puncta (t = 8.12, p < 0.01) well as presynaptic compartments. To attempt to ad-( Figures 6C and 6D ). Rp-8-Br-cGMPS and 8-Br-cGMP dress that question, we divided the colocalized puncta had generally similar effects on the overlapping and adinto ones that overlapped (at least in part) and ones jacent P-VASP puncta ( Figures 6E and 6F ). These rethat were adjacent but did not overlap. In three dimensults suggest that cGK is activated and phosphorylates sions, overlapping puncta might be in either the same VASP in both the presynaptic and postsynaptic comor different compartments, but adjacent puncta are alpartments during potentiation. In addition, they raise most certainly in different compartments. Consistent the possibility that phosphorylation of VASP may play with that idea, only about 3% of colocalized synaptoa role in the formation of new synaptic puncta. physin and synapsin I puncta were adjacent (which was not significantly different from zero), whereas 30% to Long-Lasting Potentiation Involves Both 45% of synaptophysin and GluR1 or NR1 puncta were Presynaptic and Postsynaptic Actin adjacent ( Figure 5C ). Similarly, about 40% of colocal-
The glutamate-induced increases in synaptophysin and ized synaptophysin and cGKI puncta were adjacent, GluR1 puncta were also blocked by an inhibitor of actin suggesting that at least some of the cGKI puncta are 
42% of colocalized P-VASP puncta were adjacent to
Glutamate also produced a small but significant inpuncta of the presynaptic protein synapsin I and apcrease in the amplitude of spontaneous mEPSCs in proximately 47% were adjacent to puncta of the postthese experiments (F = 10.89, p < 0.01 compared to synaptic protein GluR1 ( Figure 5C ), strongly suggesting control) ( Figure 7B ), and cytochalasin D and nocodathat P-VASP is localized in both the presynaptic and zole both produced small reductions in this increase, postsynaptic compartments. The colocalization of neither of which was significant. These results suggest P-VASP with cGKI was roughly similar to that of synapthat polymerization of actin but not tubulin is required tophysin and synapsin, suggesting that they are tightly for long-lasting potentiation of mEPSC frequency in associated and that cGK phosphorylates VASP under culture and that actin may also contribute to potentiacontrol conditions. The association of P-VASP and sGC tion of mEPSC amplitude. was somewhat less tight, perhaps because cGMP can Traditionally, an increase in mEPSC frequency is diffuse from sGC to cGK. thought to represent a presynaptic effect and an inBrief application of glutamate that produced an increase in mEPSC amplitude is thought to represent a crease in the number of synaptophysin puncta had no postsynaptic effect, but both interpretations have been significant effect on the number of cGKI puncta (127% ± challenged in recent years (Malinow and Malenka, 15% of control, n = 6 + 6) or VASP puncta ( These reductions were in part due to a tendency for RhoA and test whether it acts presynaptically, postsynaptically, or both during the potentiation, we used re-Y27632 to increase the control mEPSC frequency and amplitude, but neither increase was quite significant combinant adenovirus to express either a dominantnegative form of RhoA and GFP, a constitutively active (p = 0.14 and 0.08). These results suggest that Rho GTPases including RhoA and ROCK may contribute to form of RhoA and GFP, or GFP alone (control) in some of the neurons in the cultures. We then tested potentialong-lasting potentiation of both mEPSC frequency and amplitude. suggesting that they may be mechanistically related. RhoAT19N and EGFP under control of the same promoter, RhoAG14V and EGFP, or EGFP alone were constructed using an However, one exception was that cGMP analogs alone 
